Objective: To examine the motivational processes underpinning Australian older adults' physical activity. Method: Adults aged 65 years and over (N = 213) completed a questionnaire assessing autonomous motivation and theory of planned behaviour variables (attitudes, subjective norm, and perceived behavioural control), and a 2-week follow-up of their self-reported physical activity (n = 165). Results: In a structural equation model, effects of autonomous motivation on intention were mediated by attitudes and perceived behavioural control, but not subjective norm. The model explained 60% and 46% of the variance in intention and physical activity, respectively. Conclusion: The findings add to current knowledge of motivational processes underpinning physical activity in older adults. Current results indicate that interventions where the value of regular physical activity can be internalised by offering activities that foster feelings of competence, autonomy, and relatedness may be important to consider in increasing physical activity levels of older adults, a group at risk of sedentary behaviours.
1 While physical activity (PA) has been associated with a range of health benefits, including reducing the risk of age-related illness and disability, older adults are at risk for engaging in insufficient PA to obtain health benefits. 2 Social cognitions have been associated with PA; however, their origins and motivational processes underlying these cognitions are not well understood. 3 Recent research has indicated that people who engage in PA for autonomous reasons are more likely to form intentions to be active and also to actively pursue PA activities.
What this paper adds
1 Current results highlight the importance of autonomous motivations and social-cognitive factors for older adults' PA. 2 Interventions where the value of regular PA can be internalised by offering activities that foster feelings of competence, autonomy, and relatedness may be important to consider in increasing PA levels of older adults. 3 Practitioners wanting to increase older adults' PA should focus on increasing autonomous motivation for PA by giving older adults a choice about the type of activity they would like to engage in, while providing relevant information about the appropriate type of PA for the individual's specific health needs.
Despite a range of health benefits associated with physical activity (PA) in later life (Williams, Eastwood, Tillin, Hughes, & Chaturvedi, 2014) , the majority of Australian older adults do not meet recommended levels of PA (AIHW, 2016) . While it is recommended that older adults engage in a minimum of 30 min of at least moderate-intensity PA on five or more days of the week (Department of Health, 2014) , the Australian Health Survey (ABS, 2015) showed that in 2014-2015, only 40% of those aged 65-75 years and 27.8% of those aged 75 years and older were sufficiently active.
While research indicates that person-related barriers, such as poor health and lack of interest, are strong predictors of older adults' PA (Gellert et al., 2015) , less is known about more distal psychological processes associated with older adults' motivation for PA (Baert, Gorus, Mets, Geerts, & Bautmans, 2011) . The source of an individual's motivation for PA, or lack thereof, is suggested to originate from a range of factors, including biased (overestimated) perceptions of own PA levels (Visser, Brychta, Chen, & Koster, 2014) , poor awareness of health benefits associated with PA (Baert et al., 2011) , and perceived competence of performing PA at their past (higher) level (Arnautovska, O'Callaghan, & Hamilton, 2017a) . Older adults, in particular, may benefit from the motivation associated with a sense of autonomy (Arnautovska et al., 2017a; Chang, 2012) . Limited research focusing on older adults' motivational perspectives has shown that those who are autonomously motivated report higher quality of life, including less discomfort due to pain or physical state in daily activities (Ferrand, Martinent, & Bonnefoy, 2014) . Despite this research indicating a diverse range of possible determinants, understanding of the nature of older adults' motivation for regular PA is limited (Duncan, Hall, Wilson, & Jenny, 2010) .
Research investigating motivation for health behaviour has indicated that the nature of one's motivation, specifically autonomous motivation, impacts social cognitions and is an important driver of health behaviour (Hagger & Chatzisarantis, 2009 ). To advance current knowledge, researchers (Hagger & Chatzisarantis, 2014; Hamilton, Cox, & White, 2012; Hamilton, Kirkpatrick, Rebar, & Hagger, 2017) have integrated dominant social-cognitive models, such as the theory of planned behaviour (TPB; Ajzen, 1991) , with complementary theories. Integrative models offer a more comprehensive articulation of the complexity of psychological processes guiding health behaviour (Hagger, 2009) .
The TPB (Ajzen, 1991) proposes intention as the proximal predictor of behaviour. It is further hypothesised that intention is predicted by the three belief-based constructs: attitude (advantages/disadvantages), subjective norm (perceived social approval/disapproval), and perceived behavioural control (facilitators/barriers). In addition, it is proposed that perceived behavioural control directly predicts behaviour. The strength of intention is predicted by a person's evaluation of the target behaviour, perceptions about approval of important others for performing the behaviour, and perceptions of control and ability in relation to behavioural performance. Findings from meta-analyses support the predictive ability of attitudes and perceived behavioural control on intention, with a weaker subjective norm-intention relationship often found (Downs & Hausenblas, 2005; Hagger, Chatzisarantis, & Biddle, 2002) . In line with these findings, a review of TPB-based PA studies by Hagger et al. (2002) , including persons of all ages, indicated that attitudes and perceived behavioural control were the best predictors of intention (ß = 0.40 and 0.33, respectively), and together with subjective norm predicted 45% of variance in intention. In addition, perceived behavioural control was found to be associated with PA, and together with intention explained 27% of the variance in behaviour.
The TPB has been shown to be useful in prediction of a wide range of behaviours for individual health (McEachan, Conner, Taylor, & Lawton, 2011) and the health of others (Hamilton, Thomson, & White, 2013; Hamilton, White, Wihardjo, & Hyde, 2016; Hamilton, Spinks, White, Kavanagh, & Walsh, 2016; Walsh, Hamilton, White, & Hyde, 2015) , including PA (Downs & Hausenblas, 2005) . Despite the vast amount of research supporting the TPB, the model has been suggested to be limited in its explanation of the processes underpinning motivational variables (Sniehotta, Presseau, & Araújo-Soares, 2014) , which are proposed to be underpinned by specific beliefs (Hagger & Chatzisarantis, 2009) . Although, it is proposed in the TPB that salient beliefs underlying attitudes, subjective norm, and perceived behavioural control include behavioural, normative, and control beliefs, respectively (Ajzen, 1991) , and identification of such beliefs for targeted interventions have been the focus of much research in a range of health behaviours (Ashford, Edmunds, & French, 2010; Cowie & Hamilton, 2014; Epton et al., 2014; Masser, White, Hamilton, & McKimmie, 2012; Vayro & Hamilton, 2016) , the origins of, and reasons why specific beliefs would be pursued, are explained only in a general way. For example, it is postulated that behavioural beliefs develop through experience with the behaviour by associations with other objects, characters, and events. This explanation, however, offers only a limited opportunity to change such cognitions without the actual engagement in regular PA. Thus, for people with little or no such experience, changing cognitions towards more favourable beliefs may be difficult. To account for these motivations, self-determination theory (SDT; Deci & Ryan, 2002) , an alternative theory that focuses on the quality of motivation, has been proposed to complement the TPB to provide a better understanding of the processes underpinning TPB constructs (for an explanation of this integration see Hagger & Chatzisarantis, 2009) .
The SDT proposes a multidimensional conceptualisation of motivation, with amotivation, autonomous motivation, and controlled motivation representing the three main types (Deci & Ryan, 2002) . It is proposed that individuals' motivation lies along a continuum (known as perceived locus of causality), ranging from completely non self-determined regulation, or amotivation, to completely self-determined regulation, or intrinsic motivation, with extrinsic motivation falling between the two. Autonomous motivation indicates that behaviour is self-determined and performed out of a person's internal will, while controlled motivation refers to behaviours which are performed with a sense of pressure that is perceived as external to the person. The most autonomous form of motivation is intrinsic motivation, which involves behaviour that is performed out of inherent interest and enjoyment. This is followed by extrinsic (controlled) motivation, which can be performed either for autonomous or more controlled reasons. The two more autonomous forms of extrinsic (controlled) motivation are identified regulation, which involves performing the behaviour because it is personally important and results in expected outcomes, and integrated regulation, which is involved in pursuit of behaviour that is congruent with one's values and has become part of one's self-identity (Deci & Ryan, 2002) . The two more controlling forms of extrinsic (controlled) motivation are performed for external contingencies such as satisfying an external demand, obtaining rewards or to avoid feelings of guilt (external regulation), or to obtain feelings of worth (introjected regulation).
Studies have shown that intrinsic motivation (Hagger & Chatzisarantis, 2009) , and the relatively autonomous forms of extrinsic motivation (i.e., identified and intrinsic regulation), are associated with long-term exercise adherence (Teixeira, Carraça, Markland, Silva, & Ryan, 2012 ) and higher frequency of PA (Duncan et al., 2010) . It should be acknowledged that the study by Duncan et al. (2010) included young adults who exercised regularly, while the systematic review by Teixeira et al. (2012) included predominantly studies with students, healthy adults, and rehabilitation patients. The use of such age groups, however, offers limited understanding of how intrinsic motivation may be helpful for PA in older adults. Limited research investigating the SDT (Deci & Ryan, 2002) in the context of PA in older adults confirms the positive effects of autonomous motivation (Ferrand et al., 2014) . For example, Ferrand et al. (2014) reported that those aged 70 years and older, who engaged in regular exercise and were classified as "highly selfdetermined" reported higher PA levels compared to the "moderately introjected group". In addition, those with higher levels of intrinsic motivation reported less discomfort and limitations due to physical or mental health, as well as less bodily pain than those with less intrinsic motivation. Cumulatively, the available evidence provides support for the exploration of the role of autonomous motivation for PA engagement in older adults.
The current research examined fundamental motivational processes impacting PA in an at-risk group for physical inactivity by investigating potential associations of older adults' social cognitions (i.e., attitude, subjective norm, and perceived behavioural control) with more distal motivational constructs, such as the concept of autonomous motivation. Drawing on the empirical evidence supporting the integration of SDT and TPB (Hagger et al., 2016; Hagger & Chatzisarantis, 2009; Hagger, Trost, Keech, Chan, & Hamilton, 2017; Hamilton et al., 2017) , we hypothesised that autonomous motivation would predict attitude, subjective norm, and perceived behavioural control (H1). In line with the TPB (Ajzen, 1991) , it was further hypothesised that these belief-based cognitions would predict PA intention (H2). Following this sequence, it was expected that TPB concepts would mediate the effects of autonomous motivation on PA intention (H3). Finally, we expected that PA behaviour would be predicted by intention (H4) and perceived behavioural control (H5), consistent with the TPB.
Method Participants
Participants were recruited through a variety of methods including advertisements in local community newsletters, faceto-face presentations at community events, and word of mouth. Selection criteria included being 65 years of age and over, residing independently in a community-dwelling, and being able to engage in PA of at least moderate intensity (determined by the absence of medical advice to refrain from PA due to injury or other medical reason). Moderate-intensity PA was defined according to Australian guidelines and described as activity that causes faster heartbeat and some shortness of breath, while still being able to talk comfortably (Department of Health, 2014). Participants were asked to indicate if they met the selection criteria at the beginning of the survey. If not, they were advised that they were not eligible to continue. No other eligibility criteria were considered.
At baseline, participants (N = 215) provided informed consent and then completed the main questionnaire. Two participants were excluded due to inability to perform PA, leaving a final sample of N = 213. Two weeks later, 165 participants completed the follow-up; out of these, 66.7% were female. The longitudinal sample (N = 165) included a diverse range of participants regarding age (M age = 73.8, SD = 7.0, range = 65-95); education status (university = 35.4%, non-university = 64.6%); socio-economic status, as determined by the average gross weekly income (up to $1,000 = 68%, over $1,000 = 32%); and country of birth (Australian-born = 63.4%). About half of the participants were married or in a de-facto relationship (49.7%) and most were retired (87.3%). Participants experienced an average of two health conditions (SD = 1.5, range = 0-7), with the most common being hypertension (40%) and arthritis (37.6%). Attrition between baseline and follow-up was 22.1%, which was lower than rates observed in other previous studies (Caudroit, Stephan, & Le Scanff, 2011) . Drop-out analysis indicated that participants who completed both assessments, compared to those who only completed the baseline survey, had a higher level of education (p = .03). No other significant differences on study measures were observed (all p > .05).
Procedure
Participants completed the survey either in paper form (59.2%) or online (40.8%). The paper-based surveys were distributed when presenting the study at community events. The access to an online survey was provided via email notices. The baseline survey included assessment of demographic characteristics as well as social-cognitive and motivational variables, while the follow-up survey assessed self-reported PA in the previous week. The two-week follow-up period was chosen to facilitate accuracy of recall; research has suggested that longer follow-up periods may compromise recall accuracy due to age-related declines in memory that are typically present in older adults (Hedden & Gabrieli, 2004) . A unique code identifier allowed matching of questionnaires. Participants who completed both questionnaires were offered the chance to enter a prize draw to win one of five AUD20 vouchers. The University Human Research Ethics Committee approved the study.
Measures
The target behaviour, regular physical activity, was defined as "behaviour that is of at least moderate intensity and performed for at least 30 minutes on 5 days or more of the week" (Department of Health, 2014). Unless otherwise stated, items were rated on a 7-point scale ranging from strongly disagree (1) to strongly agree (7), with the total score for each measure being represented by the mean score of included items. Psychological constructs were measured on multi-item psychometric instruments developed using standardised guidelines (Fishbein & Ajzen, 2010) and validated in previous studies (Hamilton, Cox et al., White, 2012) and adapted for use with the target behaviour in the current study. Factor loadings for manifest indicators within the construct and Cronbach's alpha for each measure are presented in Table 1 .
Intention
Three items assessed intention: "It is likely that I will be regularly physically active"; "I intend to be regularly physically active"; and, "I expect that I will be regularly physically active".
Attitude
Attitude was assessed by two, 7-point semantic differential scales, both positively scored: "For me to do regular PA would be …" bad (1) to good (7) and harmful (1) to beneficial (7).
Subjective norm
Subjective norm was measured by four items: "People who are important to me would want me to engage in regular physical activity"; "Most people who are important to me would approve of my engaging in regular physical activity"; "People who are important to me engage in regular physical activity"; and, "People who are important to me would think that engaging in regular physical activity is a good thing to do".
Perceived behavioural control
Two items assessed perceived behavioural control: "It is mostly up to me whether or not I engage in regular physical activity" and "I have complete control over whether I engage in regular physical activity".
Autonomous motivation
Autonomous motivation was assessed using intrinsic and identified subscales of the Behavioural Regulation in Exercise Questionnaire (Mullan, Markland, & Ingledew, 1997) . Four items measured identified regulation: "I value the benefits of regular physical activity"; "It's important to me to do regular physical activity"; "I think it is important to make the effort to be regularly physically active"; and, "I get restless if I don't do regular physical activity". Four items measured intrinsic motivation: "I get pleasure and satisfaction from being regularly physically active"; "I am regularly physically active because it's fun"; "I enjoy being regularly physically active"; and, "I find regular physical activity a pleasurable activity". Items were scored on a 5-point scale ranging from not true for me (1) to very true for me (5). The mean of these two subscales was used to assess autonomous motivation as per Hagger and Chatzisarantis (2009) .
Control variables
Participant demographic variables (i.e., sex, age, socioeconomic status [SES] , and multi-morbidity) were entered into model analyses as control variables. These variables were selected because of their association with PA in previous studies (van Stralen, De Vries, Mudde, Bolman, & Lechner, 2009). For SES, participants' self-reported average gross household income per week was dichotomised into below average (≤ $1,000) and above average (> $1,000), in accordance with the Australian Bureau of Statistics (ABS, 2012). Multi-morbidity was assessed by asking about the presence of 14 health conditions, following Menec (2003) . A total morbidity score was calculated by summing affirmative responses.
Behaviour
Self-reported PA behaviour was measured using three 7-point single-items: "On how many days in the past week (past 7 days) (Hamilton, White, & Cuddihy, 2012) .
Data Analysis
Frequency and drop-out analyses were conducted using SPSS Version 20. Attrition bias was assessed by comparing participants who did and did not complete follow-up assessment (n = 165, n = 23, respectively) on all baseline characteristics, using t-test for continuous and chi-square test for nominal variables. The inter-correlations between the variables were calculated using Pearson correlation coefficients. Multi-collinearity among the variables was not identified. The scale reliability was calculated using Cronbach's α. A principal component analysis (PCA) was conducted on the attitude and autonomous motivation items with oblique rotation. Two components had eigenvalues over Kaiser's criterion of 1, and in combination, explained 76.29% of the variance. Items clustering on component 1 referred to autonomous motivation, whereas items clustering on component 2 referred to attitudes, supporting discriminant validity of both constructs. The model was specified within a structural equation modelling framework and estimated direct and indirect paths (Figure 1 ) using Mplus 7. The hypothetical model consisted of six latent variables which were specified with manifest indicators described in the Measures section. For autonomous motivation and subjective norm, we applied parcelling to reduce the number of parameters per each construct, to improve the normality of the distributions, and to increase the stability of the parameter estimates (Little, Cunningham, Shahar, & Widaman, 2002) . The model was evaluated based on the recommended fit indices including the comparative fit index (CFI), the root-mean-square error of approximation (RMSEA), and the Tucker-Lewis-Index (TLI). Missing data (< 5%) were treated using the full maximum likelihood algorithm. Table 1 presents the means, standard deviations, and intercorrelations among all variables. All latent variables were positively related (p < .01) with PA at follow-up, with the correlations between subjective norm and PA, and PBC and PA being small to moderate, and the correlations between attitudes and PA, and autonomous motivation and PA being moderate to strong, according to Cohen's (1992) guidelines.
Results

Structural Equation Modelling
The hypothesised model provided an adequate fit to the data (RMSEA = 0.04, CFI = 0.98, TLI = 0.98, χ 2 (108) = 141.76, χ 2 / df = 1.31). As hypothesised (H1), autonomous motivation was associated (all p < .01) with attitude (ß = 0.67), subjective norm (ß = 0.45), and PBC (ß = 0.34, Figure 1 ). In partial support of H2, intention was predicted by attitude and PBC Note. Reported are standardised path coefficients; n = 162; BC, bias corrected, CI, bootstrapping confidence interval; PBC, perceived behavioural control.
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(ß = 0.32, p < .01 and ß = 0.26, p < .01, respectively), but not subjective norm (ß = 0.02, p > .05). Multiple mediation analysis showed that the effects of autonomous motivation on intention were mediated by attitude and perceived behavioural control, but not subjective norm (Table 1) , which partly supported H3. In support of H4, intention predicted PA at followup (ß = 0.25, p < .05); however, perceived behavioural control predicted PA only indirectly via intention (ß = 0.08, p > .05; Figure 1 ), partly confirming H5. Behaviour was also directly predicted by autonomous motivation (ß = 0.46, p < .05). Autonomous motivation, attitude, subjective norm, and perceived behavioural control cumulatively accounted for 60% of the variance in intention; the overall model explained 46% of the variance in PA (Table 2) .
Discussion
This study examined fundamental motivational processes impacting older adults' PA, demonstrating the importance of autonomous motivation and social-cognitive factors for this important health behaviour in a group at risk for inactivity. Current findings corroborate previous studies investigating belief-based determinants of PA (Hagger & Chatzisarantis, 2014; Hamilton, Cox et al., 2012) and add to the extant literature by demonstrating that the effects of autonomous motivation on PA are mediated by socialcognitive variables in an older adult population. This contribution is important for two reasons: first, it informs the development of PA models which, as argued by Caudroit et al. (2011) , should be adjusted to the unique characteristics of the target group; and, second, it provides a greater understanding of concepts that may assist in facilitating PA levels in older adults. Current findings showed that autonomous motivation was associated with all three TPB constructs, with mediation analysis indicating that the effects of autonomous motivation on intention were mediated by attitude and perceived behavioural control, but not subjective norm. Original theoretical explanations examining the effects of autonomous motivation in the TPB did not hypothesise a path from autonomous motivation to subjective norm, based on subjective norm being defined as controlling (i.e., perceptions about approval of important others), rather than autonomous cognitions (Hagger & Chatzisarantis, 2009 ). Current findings provide support for this original theorising and corroborate previous research indicating that the effect of subjective norm on intention is smaller than that of attitude and perceived behavioural control (Downs & Hausenblas, 2005) . From a lifespan perspective, older adults' PA may be less dependent on perceived social approval due to a stronger need for independent decision making, which can be associated with age-related functional limitations (Arnautovska, O'Callaghan, & Hamilton, 2017b) . Indeed, subjective norm has previously been found to have a small and negative effect on PA intention among retirees (Gretebeck et al., 2007) .
More noteworthy are the findings of the current study that indicated those who are more autonomously motivated to engage in PA were more likely to have positive attitudes towards PA and hold beliefs that they have control over their PA. This corroborates previous research (Lawton, Conner, & McEachan, 2009) and suggests that considering strategies to improve PA attitudes and control in interventions to promote PA engagement in older adults may be useful. Current findings, therefore, illustrate the importance of prompting formation of positive attitudes about and control over PA in later life through supporting one's sense of competence, relatedness, and autonomy-the basic psychological needs-which, as proposed by SDT (Deci & Ryan, 2002) , foster one's autonomous motivation. According to SDT (Deci & Ryan, 2002) , the need for autonomy is particularly relevant for understanding goaldirected behaviour and can be expected to be a strong motivating force for maintaining PA, particularly in the context of agerelated multi-morbidity.
Although specified as a control variable in the current study, it is interesting to note that multi-morbidity had a negative effect on PA, indicating that the greater the number of chronic conditions, the less PA the person was likely to do. This finding is consistent with previous research indicating debilitating effects of chronic conditions on one's physical activities (Clarke & Bennett, 2013) . Of importance, however, is that the current study underlines the need to support autonomy and competence as a means to influence social cognitions regarding PA which, in turn, could buffer against negative effects of illness on one's well-being and functional independence (De Vries et al., 2012) .
Current findings are useful in better understanding older adults' PA engagement. Although older adults can gain significant health benefits from PA (Williams et al., 2014) , they may lack interest in PA (Gellert et al., 2015) , which may result from not perceiving it as personally valuable and beneficial. Current results have provided a more comprehensive explanation of the motivational processes that underpin older adults' PA by demonstrating that the path from autonomous motivation to intention is mediated via attitudinal and control perceptions of PA. In addition, autonomous motivation had direct effects on PA behaviour, highlighting the importance of goals that are congruent with one's personal values and perceived as being initiated out of one's free choice (Chang, 2012) . It is important that health policies support a range of PA opportunities across a broader range of settings such as communities, health services and hospitals, workplaces, education programs for older adults, and residential settings. Such a multi-setting promotion of PA may not only contribute to creating a social and physical environment where older adults would feel more comfortable engaging in PA (King & King, 2010) , but may also provide more opportunities for older adults to be physically active. To facilitate PA engagement, it is suggested that intervention developers provide an environment where the value of regular PA would be internalised so that the intervention effects would more likely extend beyond the duration of the program over the long term (Ryan, Patrick, Deci, & Williams, 2008) .
Potential limitations and implications for future research should be considered. First, although self-report PA measures are shown to be reliable and valid for assessing PA (Hamilton, White, & Cuddihy, 2012; Milton, Bull, & Bauman, 2010) , the self-report measure of PA may be methodologically weaker than objective measures. Second, while adopting a prospective design, assessing behaviour over a 2-week period precludes generalising the findings to PA maintenance or conclusions about the cause and effect nature among variables (van Stralen et al., 2009) . To test whether changes in these constructs would, indeed, result in older adults changing their PA levels, an experimental design, including manipulation of these constructs, would be needed. Finally, although our analysis controlled for multi-morbidity, given the nature of this age group, it might be beneficial in future studies to consider also other potential barriers to PA, such as functional ability or environmental factors.
In conclusion, given that psychologists and other health practitioners may witness an increase in the number of older clients they consult, current findings can be used to inform practice regarding motivational processes driving health behaviour in this at-risk group. Strengthening the quality of a person's motivation for PA, as suggested by the current findings, towards greater internalisation of PA (congruence with individual personal values), by healthcare professionals aiming to increase an older person's PA level may be especially useful. Such focus seems particularly important since a recent review of strategies and interventions promoting health and active lifestyles among older adults identified a lack of interventions aiming to appeal to personal motivation (Menichetti, Cipresso, Bussolin, & Graffigna, 2015) . Indeed, previous evidence indicates that contact with a healthcare professional who would provide individualised PA advice may have beneficial effects for older adults' PA engagement (Hinrichs et al., 2011; Robare et al., 2011) . This knowledge can also assist intervention designers to develop evidence-and theory-based behaviour change programs and, thus, enhance intervention effectiveness. Future research might benefit from identifying which strategies are most appropriate to engender behaviour change in older adults, as well as how to best deliver the strategies to enhance older adults' autonomous motivation for PA.
